Palladium-catalyzed the Sonogashira coupling reaction of 3-halogen-2-aminopyridines 1 with terminal alkynes 2 afforded the corresponding 21 target products 3a-3u in the presence of palladium catalyst. The structure of target products 3a-3u was confirmed and characterized by 1 H NMR,
Introduction
Sonogashira reaction is the sp-sp 2 carbon cross-coupling reaction of terminal alkynes with aryl halides or alkenyl halide. This reaction is one of the most effective methods to form new carbon-carbon bonds [1] - [9] . As early as 1975, Heck
[10], Cassar [11] and Sonogashira [12] independently discovered this reaction.
After nearly 40 years, it has gradually known by people and become an important name reaction. At present, the Sonogashira reaction has been widely used in the synthesis of substituted alkynes and conjugated alkynes [13] [14] [15] [16] . It also plays a key role in the synthesis of many natural products [17] , pesticides, pharmaceuticals [18] [19] and new materials and nano-molecular devices [20] [21] [22] [23] . Since the discovery of the Sonogashira reactions [24] - [29] , the most widely used catalysts have been Pd-type compounds. A lot of cross-coupling reactions catalyzed by Pd/Cu co-catalyst are the cross-coupling reactions of terminal alkyne with halogenated benzene, while the reactions of terminal alkynes with halogenated hydrocarbons containing hetero atoms are relatively few investigated. Nitrogen-containing heterocyclic compounds, the substrates of the Sonogashira cross-coupling reactions, of which pyridine and its derivatives are important raw materials in the preparation of pharmaceuticals, pesticides, dyes, surfactants, rubber chemicals, feed additives, food additives, adhesives and composite materials [30] . It also can be used for the preparation of high value-added fine chemicals. The products of 2-amino-3-alkynyl pyridine and its derivatives are important raw materials to synthesize indole and quinoline heterocyclic compounds. The indole containing nitrogen can be thought of as bioisosteres of indole, and indole plays a huge role in the process of life because many medicines contain indole. Azaindole molecules such as 7-azaindole, an important type of compounds, are widely used in the pharmaceuticals, pesticides, chemicals and food sectors [31] [32]. 7-Azaindole also plays an important role in materials science as metal ligands [33] . Therefore, 2-amino-3-alkynyl pyridine and its derivatives, prepared by cross-coupling reaction have a certain scientific significance and potential application values. One-pot reaction of 2-amino-3-bromopyridine reacts with terminal alkynes to synthesize a series of 2-amino-3-alkynyl pyridine and its derivatives in the presence of palladium catalyst. The few palladium catalytic loading, mild reaction conditions, wide raw material sources and 2-amino-3-bromopyridine and its derivatives with many functional groups make the Sonogashira coupling reaction to successfully explore the optimum reaction conditions, and expand the scope of the substrate 1.
The Sonogashira coupling reaction makes it possible to synthesize, further transform and apply to heterocyclic compounds.
Experimental

General Procedure
Under the protection of the nitrogen atmosphere, added Pd (CF 3 COO) 2 (4.2 mg, 2.5 mol%), PPh 3 (6.6 mg, 5.0 mol%), CuI (4.8 mg, 5.0 mol%) to 10 mL roundbottomed flask, then added 2.0 mL DMF solvent and stirred 30 min. Then added 2-amino-3-bromo-pyridine 1 (0.5 mmol) with terminal alkynes 2 (0.6 mmol), in the 100˚C heating circumfluence 3 h, TLC monitor reaction process. After the reaction, took the reaction mixture into the saturated sodium chloride aqueous solution (10 mL), extracted with ethyl acetate (10 mL × 3) and collected organic phase, dry with anhydrous magnesium sulfate, filter, vacuum concentrate, wash away residue with petroleum ether and ethyl ester, and the residue is purified by column chromatography to afford the corresponding product 3.
Spectra Data
3-Phenylethynyl-2-aminopyridine (3a) [29] . Prepared according to general pro- 
4-Methyl-3-(α-thienylethynyl)-2-amino-5-bromopyridine (3r
Results and Discussion
To get the best reaction conditions, we chose the cross-coupling of 2-amino-3-bromopyridine (0.5 mmol) (1a) with phenylacetylene (0.6 mmol) (2a) as the model reaction. We optimized the reaction conditions by using different bases and solvents, as well as changing the reaction temperature. The results are summered in Table 1 . First, we used Pd complexes combined with Pd(OAc) 2 (2.5 mol%) and PPh 3 (5 mol%) as catalysts, CuI as a co-catalyst, Et 3 N as base, dimethyl formamide (DMF) as a solvent for 3 h under 100˚C, the product 3a was obtained in the yield of 79% ( entries 1 -3) . The amount loading of catalyst is also optimized. We chose Pd(CF 3 COO) 2 /PPh 3 as the catalyst, we found that the yield increased with the increase the amount of catalyst loading.
When the amount of catalyst loading increased from 0.25 mol% to 0.50 mol%, for the Sonogashira cross-coupling reaction.
After the optimal reaction conditions, we began to expand the different substrates 1, these substrates react with all kinds of terminal alkynes 2 afforded the corresponding products 3 in good yields (up to 96%) in Table 2 .
First of all, we took 2-amino-3-bromopyridine 1a as the substrate and found that when it reacts with various aryl acetylene compounds, the yields are more than 90% (Table 2 , entries 1 -4); When 2-amino-3-bromopyridine 1a reacts with cyclopropyl acetylene, the yield is 88% (Entry 5); When 1-decyne reacts with 2-amino-3-bromopyridine 1a, the yield of which is slightly lower, just 85% (Table 2 , entry 6). When we took pyridine ring with electronic pushing substituents 2-amino-3-bromo-5-methyl pyridine 1b as a substrate, 1b reacted with various terminal alkynes 2, the yields are up to 93% (Table 2 , entries 7 -14).
When we took pyridine ring with electronic withdrawing substituents 1c, 1e, and 1f as substrates, no matter react with terminal aryl acetylene, or with the terminal alkyl acetylene, the yields are up to 91% ( 
Conclusion
In summary, we have developed a simple and efficient method for preparing functionalized the 2-amino-3-ynylpyridine and its derivatives 3 via 2-amino-3-bromopyridines 1 with a serious of terminal alkynes 2 catalyzed by palladium catalyst. A wide range of terminal alkynes were suitable to give the corresponding 2-amino-3-ynylpyridine and its derivative products 3 with high yields. On the other hand, the 2-amino-3-ynylpyridines 3 are the essential raw materials for the synthesis of the heterocycle compounds, such as azaindole, pyridines and quinolines. Further development of coupling reactions is underway in our laboratories and will be reported in due course.
